drawal from tobacco, alcohol (Kosten and O'Connor, 2003) , narcotics (Umbricht et al., 2003) and opioids (Chen et al., 2007) . It may help to ameliorate some of the adverse sympathetic nervous activity associated with withdrawal from these agents, as well as decrease craving for the drug by decreasing sympathetic outflow in the central nervous system, thereby diminishing tachycardia, sweating, and tremors (Donald et al., 2002) .
Opioids, benzodiazepines, barbiturates and anticholinergics were considered the most commonly abused drugs in Menoufiya governorate where most of dependents used codeine, clonazepam, phenobarbital and trihexyphenidyl (Ahmed, 2003) .
Among methods used for the evaluation of cytotoxicity of chemicals, measurement of apoptosis has become an essential component, through knowing toxic mechanism (Sperandio et al., 2000) .
The aim of the present study is to elucidate the destructive effect of clonazepam dependence on rats' brain and detection of possible role of clonidine in alleviating the withdrawal manifestations and brain damage depending on manifestations, histopathological, histochemical and DNA degradation by gel electrophoresis methods.
They are widely prescribed for a variety of conditions, particularly anxiety and insomnia. Whenever used chronically, benzodiazepines can cause addiction (Lance and Brian, 2000) . While relatively few patients who receive benzodiazepines for medical indications may abuse their medication, there are individuals who specifically seek benzodiazepines for their ability to produce a "high" (Marriott and Tyrer, 2001 ).
Clonazepam is a synthetic benzodiazepine derivative used to treat panic disorder and certain types of seizures. It has the potential to be abused and may cause addiction or dependence after longterm use or in high doses. Abuse is more likely to occur in people with a history of alcohol or drug addiction (Heberlein et al., 2009) . It is a high-potency benzodiazepine with a long half-life, so symptoms of withdrawal may not begin for several days after the drug is discontinued (Juergens, 2004) .
Sudden withdrawal after long-term administration may lead to dysphoria, restlessness, irritability, sleepiness, hand tremors, oral dyskinesias, muscle rigidity and seizures (Heberlein et al., 2009 ).
Clonidine has been used to mitigate or prevent as well as to treat signs of with-Mansoura J. Forensic Med. Clin. Toxicol.
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was gradually increased by adding the initial calculated therapeutic dose every three days till the end of the month.
The calculated clonazepam dose was mixed with a small amount of food (a piece of bread) and given orally to each animal.
After the end of the month, clonazepam dependent rats were divided into 4 equal subgroups:
Group II a (Clonazepam dependent group): ten rats were sacrificed at the end of the month.
Group II b (Clonazepam withdrawal group):
Ten rats were left for an extra one month without taking clonazepam then sacrificed.
Group II c (Clonidine two weeks treated group): Ten rats were given clonidine for two weeks in the withdrawal period of clonazepam, according to a clonidine regimen, and then sacrificed.
Group II d (Clonidine four weeks treated group):
Ten rats were given clonidine for four weeks in the withdrawal period of clonazepam, according to a clonidine regimen, and then sacrificed.
Clonidine regimen: rats were given half the therapeutic dose of clonidine hydrochloride 13.5 µg/kg rat BW for two days
MATERIAL AND METHODS

Animals:
The study was carried out on sixty adult male albino rats of Sprague species 150-200 gram average weight obtained from the animal house in Menoufiya governorate. They were left to acclimatize for one week. They were fed on ordinary food and housed under standard laboratory conditions.
Drugs :
-Clonazepam (Apetryl tablets 2 mg) obtained from multi Apex pharma S.A.E. Bader city, Cairo, Egypt. -Clonidine hydrochloride: (Catapres tablets 150 µg), obtained from Boehringer Ingleheim Co.
Groups:
The animals were divided into 3 main groups as follows:
Group I (Negative control): Consisted of ten rats kept without any drugs, throughout the experiment.
Group II (Clonazepam treated group):
Experimental group of forty rats were given clonazepam. Dependence to clonazepam was induced starting with therapeutic doses for rats according to Paget and Barnes (1964) , considering that therapeutic dose for human is 4mg/day (Martindale, 2008) . So, the calculated starting dose for rat was 0.36 mg/kg. The clonazepam dose 2-Masson's trichrome (MT) stain was used to demonstrate the collagen fibers "stained blue" (Kiernan, 1999) . 3-Toludine blue (TB) method to demonstrate Nissl's substance (Bancroft et al., 1990) .
Histochemical study: (Bancroft et al., 1990) .
A-Periodic Acid-Schiff (PAS) for neutral mucosubstances. B-Methyl green pyronin (MGP) for Deoxyribonucleic acid (DNA) and Ribonucleic acid (RNA).
DNA study:
(1) Gel preparation It was prepared with 1.8% electrophoretic grade agarose (BRL). The agarose was boiled with tris borate EDTA buffer (1 x TBE buffer. 89 mM Tris, mM boric acid, 2mM EDTA, pH 8.3). Ethidium bromide (0.5 microgram\ml) was added to the gel at 40˚C. Gel was poured and allowed to solidify at room temperature for one hour before loading of samples.
(2) DNA damage detection in tissues: (A) DNA extraction: According to Aljanabi and Martinez, (1997) with Hassab El-Nabi modification (2004) . To detect DNA damage, the gel was visualized using a 312 nm UV light under a transilluminator, photographed using a Polaroid camera.
after stoppage of clonazepam in withdrawal period by oral route. Then the full therapeutic dose (27 µg/kg rat BW) was given for the following days, then after half the therapeutic dose was given for the last 2 days of both group II c & group II d. This regimen was designed to avoid hypotension and syncope if the full therapeutic dose was started upon first (El-Seidy, 2005) . The dose was calculated on the same principles according to Paget and Barnes (1964) , considering the human therapeutic dose of clonidine to be 300 µg /day (Schonwald, 2001) .
Group III (Clonidine positive control group):
Ten rats were given clonidine in the same schedule for thirty days, and were sacrificed at the end of the month.
After elapse of the prescribed time of drug administration to each group, the animals were sacrificed by cervical dislocation and the brain was extracted and divided equally and symmetrically into its two halves. One half was used for histopathological and histochemical studies, the other was put in Eppendorf tube and frozen at-20˚C for DNA study.
Histological methods:
1-Hematoxylin and Eosin (Hx & E) stain was used for histological examination (Drury and Wallington, 1980 Group II c and group II d (clonidine treated group for 2 and 4 weeks respectively): Rats showed less manifestations. The rats began to thrive early in the first week.
Group III (Clonidine positive control group): no abnormal manifestations were observed.
II-Histopathological results :
Control cerebral cortex of rats was formed of six indistinct laminae differentiated from each other by the type, density, and arrangement of cells. (Fig. I , sec. 1) Histopathological findings include vascular congestion of meningeal, cerebral and cerebellar vessels together with disruption of normal arrangement of cell layers in both cerebrum and cerebellum in clonazepam dependent rats. The deeply eosinophilic staining of neuronal cell body, nuclear fragments and cytoplasmic buds which contain the nuclear fragments (B) Apoptosis analysis: Apoptotic bands were located at 200 base pair (BP) and its multiples. The intensity of apoptotic bands could be measured by Gel-Pro program so the fine apoptotic bands could be detected even in controls, as maximum optical density values.
STATISTICAL ANALYSIS
The data were analyzed using IBM computer and SPSS 17.0 for Windows statistical package. Mean, standard deviations, and t-test were used. The level of significance was set as P values <0.05, and high significance when P values were <0.001.
RESULTS
I-Observed behavioral changes and manifestations:
Group I (Negative control): normal behaviour.
Group II: Forty rats which were given gradually increasing doses exhibited prolonged sleeping periods at the end of 1 st week, and then began to be lethargic and less active. Rats began to seek for the dose diet and showed aggressiveness before the diet time through the 3 rd week, and finally they looked ill, with loss of appetite and body weight. The manifestations were the same for group IIa. 
B) MGP stain (DNA histochemistry):
Clonazepam dependent rats showed patchy decrease in the amount of nucleic acids more pronounced in vacuolated and necrotic neurons and degenerated Purkinje cells (Fig. IV, sec. 2).
Rats' brains of the withdrawal group stained with MGP ( Fig. IV, sec. 3) showed patches of decreased nucleic acids in vacuolated and necrotic neurons and degenerin both cerebral and cerebellar cortex are criteria of neuronal apoptosis (Fig. I,  sec. 3).
Meanwhile, the clonazepam withdrawal group showed moderate dilatation and congestion of the cerebral vessels with patchy disruption of normal arrangement of cell layers. Numerous neurons were shrunken and surrounded by vacuoles containing few Nissl's granules while some others appeared normal (Fig. I , sec. 5).
Brains of rats treated with clonidine for two weeks during the withdrawal period of clonazepam showed few neuroglial cells and shrunken neurons surrounded by vacuoles together with numerous normal neurons containing Nissl's granules. They also showed degeneration of few Purkinje cells, while other Purkinje cells appeared normal (Fig. II, Regarding rats received clonidine for four weeks during withdrawal period, their brains showed a picture more or less similar to control (Fig. II, sec. 4 MT stain).
III-Histochemical findings A) PAS reaction:
The dependent group showed strong PAS reaction in red blood corpuscles (RBCs) inside dilated congested blood vessels together with mild reaction in degen-Mansoura J. Forensic Med. Clin. Toxicol.
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DNA degradation area:
It showed the changes indicative of damage to the nuclear DNA of the affected brains. The area between 1000-0 BP was quite normal in the control group charts ( Table ( 1) showed that the mean optical densities of the DNA degradation in Group II a at 200, 400, and 600 BP were significantly higher than the corresponding BP of the control group (p < 0.001). Table ( 2) revealed that the mean optical ated Purkinje cells. These similar criteria to the pervious group were less in extent and the patches were in aggregates rather than distributions.
Statistical analysis:
Rats treated with clonidine for two weeks during the withdrawal period of clonazepam were slightly better than those rats after stopping clonazepam administration abruptly. There was moderate DNA and RNA content in both cerebrum and cerebellum (Fig. IV, sec. 4 ). With continuing clonidine treatment for four weeks during the withdrawal period of clonazepam, rats brains showed a picture similar to controls (Fig. IV, sec . 5).
IV-DNA study:
Figure (V) showed control lane and different 4 lanes that represent different groups. Lanes obviously illustrate the pattern and degrees of DNA degradation via ladders.
Computer Gel pro-analyzer :
The chart represented the pattern of DNA degradation photographed in the lanes (Fig. V) , and was divided into three areas:
1-Area of intact DNA which comprises lengths between 1000 to 0 base pairs (BP). 2-Area of DNA degradations (Apoptosis) which contains fragments between 1000-200 BP. 3-Area for RNA (100 BP). pine receptors on GABA A complexes to increase the affinity of GABA for its receptor and to increase the frequency of Cl-channel opening in response to GABA binding. Benzodiazepines also inhibit adenosine uptake apart from GABA A activity (Sieghart, 1995) .
Clonazepam, a recently developed benzodiazepine derivative is nowadays widely prescribed for a variety of psychiatric and neurologic conditions. It has been found that it is also frequently abused as a street drug and is a prevalent illicit drug among addicts in most of the new world countries (Juergens, 2004) .
In the present study, clonazepam is studied to elucidate its destructive effects on rats' brain by histopathology, histochemistry and DNA degradation apoptosis by Gel Electrophoresis. Clonazepam (given in the designed gradually increasing doses), achieved the aim of inducing tolerance and dependence to the experimental animals. Addiction versus withdrawal syndrome were carefully studied on the bases of clinical and behavioral manifestations, together with histopathology, histochemistry and DNA changes. Also, the role of clonidine (an alpha receptor agonist previously used for hypertension management) was evaluated to detect its possible effect on improving the withdrawal symptoms and signs. Nevertheless, it was used with special regimen to densities of DNA degradation in the withdrawal group were significantly higher than that of the control group (P<0.001). Table ( 3) showed that the DNA degradation in Group II d (received clonidine for four weeks after withdrawal) was significantly less than in Group II c (received clonidine for two weeks).
Table (4) showed insignificant difference in the DNA degradation pattern at 200, 400, 600 BP in clonidine treated Group III compared to that of control Group I (P >0.05).
DISCUSSION
As many as addictive substances are abused, there are a number of drugs that are used, misused and abused as well (Koob and Le-Moal, 2001 ). Among drugs that are prescribed for medicinal purposes then patients turn to abusers, are barbiturates, benzodiazepines, cough sedatives, narcotic analgesics... etc. While these drugs are abused by patients, they are also known and spreaded by dealers and drug handlers for youths to produce a high (Lance and Brian, 2000) . The benzodiazepines form one of the largest classes of abused pharmaceuticals. The drugs in this class are numerous and are included under Schedule IV control (Allan et al., 2000) .
Benzodiazepines bind to benzodiaze-Mansoura J. Forensic Med. Clin. Toxicol.
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Histopathological findings in clonazepam withdrawal group (group IIb) were similar to a little extent to the dependence group.
Rats' brain in the group treated with clonidine for two weeks during the withdrawal period of clonazepam showed degeneration of few Purkinje cells, while other Purkinje cells appeared normal. These findings reflect the improvement that accompanied clonidine in withdrawal period. The histopathological changes were improved more in rats' brains in the group received clonidine for four weeks with a picture more or less similar to controls. Bittigau et al. (2002) found similar inhibitory effect of apoptosis induced by diazepam (a derivative of benzodiazepines), by further administration of the benzodiazepine receptor antagonist flumazenil.
Regarding histochemical changes, the alteration observed in dependent group, denoted an increase in amount of mucopolysaccharides (MPS). This increase in MPS could be explained by inability of affected neurons to utilize existing glycogen due to impaired cell function, a manifestation of neuronal abnormality (Rahmy and Hassona, 2004) .
After withdrawal of clonazepam, intense PAS were coincident with the pathoavoid syncope and hypotension if full therapeutic dose had been used from the start.
The observed manifestations of clonazepm addiction in the present study together with withdrawal manifestations were consistent with findings conducted by Rudolf et al. (2002) .
Histopathological examination of rats' cereberal cortex of group II a revealed disruption of normal arrangement of cell layers indicating the destructive outcome. The deeply eosinophilic staining of neuronal cell body, nuclear fragments and cytoplasmic buds which contain the nuclear fragments in both cerebral and cerebellar cortex may indicate degenerating or dying neurons (apoptotic cells) as has been previously reported by Abdel-Rahman et al. (2002) . These findings were similar to those found in the study conducted by Bittigau et al. (2002) who showed that phenobarbital, diazepam and clonazepam caused widespread apoptotic neurodegeneration in the brains of rats by electron microscope. Also, the detected gliosis might be a sign of neuronal abnormalities as had been previously reported by Rahmy and Hassona (2004) . Another explanation for increased glial cells could be attributed to the role of these cells in degenerative processes of CNS (Reali et al., 2005) .
Measurement of apoptosis has become an essential component of the evaluation of cytotoxicity of chemicals (Sperandio et al., 2000) .
Gradually increasing doses of clonazepam with starting dose of 0.36 mg/kg were used to induce dependence in rats of the present study. Bittigau et al. (2002) had found that the threshold dose for triggering apoptotic brain damage was 0.5 mg/ kg for clonazepam.
DNA study by Gel Electrophoresis showed fragmentation which is observed at 200, 400, and 600 BP. Visual evaluation of the different Lanes for control, dependence group, withdrawal, clonidine treatment for 2 and 4 weeks was performed, regarding number, width, intensity and distance of fragmentation bands from positive pole. These observations were confirmed by visual analysis of DNA ladder of degaradation. Also, Gel Proanalyzer program Bicharts and data were statistically analysed. It was noticed that clonazepam dependent group showed massive DNA degradation, compared to control group. Also, withdrawal group showed less degradation (apoptosis) than dependence group yet still higher than normal. In addition, clonidine treated group for two weeks showed less apoptosis than dependent group (group II a) although still more than control. There was more improvement in 4 weeks treated group logical picture of the same group. Rats received clonidine for two weeks during the withdrawal period of clonazepam were slightly better than those rats after stopping clonazepam administration abruptly. Rat's brains showed moderate reaction in shrunken neurons surrounded by vacuoles. With continuing clonidine treatment for four weeks during the withdrawal period of clonazepam, rats showed a picture similar to control group.
Clonazepam dependent rats showed patchy decrease in the amount of nucleic acids, more pronounced in vacuolated and necrotic neurons and degenerated Purkinje cells by MGP stain. The vitality of cells depends on the amount of nucleic acids present. DNA is the active nuclear material whose vital cytoplasmic action is protein synthesis mediated through RNA (Karp et al., 1991) . This decrease coincided with degenerative changes histologically detected. It reflects the lost vitality of the neurons and inhibition of protein synthesis. This can be due to DNA fragmentation and chromatin condensation during apoptosis (Zou et al., 1998) .
Clonazepam withdrawal group showed a more or less aggregates rather than diffuse pattern of reduced nucleic acid in rats' brain. Meanwhile, the picture was improved in group IIc, and IId as the clonidine was given for two and four weeks respectively. Mansoura J. Forensic Med. Clin. Toxicol.
nomenon (Mattson, 2000) . Moreover, benzodiazepines affects the release of the vital neurotransmitters essential for the maintenance of the vitality of the nerve cells as well as other tissue cells. This affection alters the cells medium and pushes mechanisms of internal apoptosis. Caspases and mitochondrial cytochrome C release can be the underlying mechanisms (Vaux, 2002) .
Clonazepam can induce apoptosis through many mechanisms. One of these mechanisms is the peripheral non GABA A receptors. Another supposed mechanism is the oxidative stress induced by the overdose usually reached in the abuse and tolerance state, and alteration in the cell media via GABA receptors modulations of the ion channel influx and outflux activity causing change in normal chloride and other ion balance in the neuronal cells, and finally activation of the caspase system and eventually cell death apoptosis (Uren et al., 2000) .
In the present study, it was found that clonidine could improve the withdrawal manifestations of clonazepam. It was previously described for treating the withdrawal manifestations in alcohol, opioids, tobacco and narcotics. The presumed mechanism may be due to its alpha adrenergic agonist effects that can greatly diminish the withdrawal criteria (Nelson, 2006) . as it was nearly similar to control one.
The process of apoptosis can be explained by the depressant effect of the drug to an endogenous neuroprotective system in the brain that is crucial for neuronal survival (Hengartner, 2000; Huang and Reichardt, 2001 ).
In addition to the GABA A receptorassociated "central" benzodiazepine receptors, two other types of benzodiazepine binding sites are present in the brains which are called "peripheral" benzodiazepine binding sites, localized on the outer mitochondrial membrane of many tissues, including brain (Verma and Snyder, 1989) and the "micromolar" binding sites (Bowling and De-Lorenzo, 1993) . Peripheral benzodiazepine receptors are involved in development of apoptosis (Ikonomidou et al., 2000) . The mitochondrial peripheral benzodiazepine receptor (mPBR) is involved in a functional structure designated as the permeability transition pore, which controls apoptosis. Binding of Fas/ APO-1/CD95 triggers a prototypic apoptosis-inducing pathway (Didier et al., 2002) or through transmembrane mitochondrial potential (delta psim δΨm) dissipation (Chelli et al., 2004) .
Benzodiazepine group is one of the important oxidations ascribed to the cytochrome P family (Rose and Hodgson, 2004) , which can trigger the apoptotic phe-In conclusion, the present study revealed the possible effect of clonidine in alleviating the withdrawal manifestations of clonazepam and also its capability of neuroprotection via decreasing the brain apoptosis observed during clonazepam withdrawal in rats' brain. So, more investigations should be carried out to test value of clonidine in clonazepam withdrawal period in human subjects.
In the present study, clonidine had been found to diminish greatly the apoptosis during the withdrawal period. Ilinykh et al. (2008) had found that clonidine decreased the amount of proapoptotic protein Bax mRNA in hippocampus of three days old rat pups brains, together with increasing the content of antiapoptotic protein Bcl-XL mRNA. These two mechanisms were concluded to be the cause of neuroprotective features of clonidine. Mansoura J. Forensic Med. Clin. Toxicol. 
